Anthropogenic activities are increasingly catalyzing natural climatic factors that drive land cover change at different spatial scales. Available land cover data of the Mara River basin however give a broader picture of the entire basin regardless of the heterogeneity that exists at the sub-catchment level. This study sought to establish sub-catchment specific information on land cover changes through examination of satellite images of four Mara River sub-catchments (Amala, Nyangores, Talek and Sand River) for the period 1987-2017. The relationship between temperature, rainfall and land cover was also computed. In addition, a household survey and focus group discussions were conducted in each sub-catchments to establish the socio-economic impacts of land cover change on the community's wellbeing. Forest cover was dominant in Amala (39.8%) and Nyangores (43.7%) sub-catchments in 1987 but by 2017 crop lands had surpassed forest cover in the two sub-catchments, accounting for 53.2% and 45.7%, respectively. However, in Talek (52.8%) and Sand River (47.4%) sub-catchments, grassland was the dominant land cover type in 1987 and after the 30 year period, grasslands remained dominant in Sand River, while shrub land became dominant in Talek sub-catchment. A weak positive correlation was observed between rainfall and forest cover, shrub land and cropland, while a negative correlation was observed between rainfall and bare land. Average temperature showed a positive moderate correlation with bare land and built up areas. Analysis of survey data revealed that livestock keeping, temperature increase, type of trees, education level of household head and weak environmental laws were the main drivers of land cover change (P < 0.05), while decline in forest cover, crop failure and shift in planting seasons were attributed to climate change. Pearson correlation of annual precipitation against crop yield for the period 1987-2017 revealed negative correlations for maize (r = −0.587), beans (r = −0.5459), sorghum (r = −0.351), cow peas (r = −0.544), and pigeon peas (r = −0.337). Focus group discussions participants were supportive of environmental protective measures to reverse negative land cover changes, while planting drought resistant trees, crop diversification and awareness creation among community members were recommended as the most ideal environmental management strategies.
Introduction
Land cover change is regarded as a fundamental component of global environmental change because of its interactions with climates, ecosystems, biodiversity and human beings [1] . Understanding land cover dynamics and its drivers is therefore crucial for resource management and land-use planning [2] . Temperature and rainfall are some of the natural climatic factors that may initiate modifications upon land cover. However, these natural drivers are exacerbated by anthropogenic activities such as agriculture and livestock rearing, forest harvesting, human settlements, and urban development among others [3] . A host of studies have shown the cause-and-effect mechanism between changes in global land cover and climatic factors such as rainfall and temperature [4] [5] . For instance, vegetation removal by overgrazing and firewood collection reduces evaporation potential and may initiate a feedback mechanism that results in lower rainfall and hence affect crop production or induce stunted growth [6] . While several studies have investigated how potential crop yields may be influenced by changes in climate due to anthropogenic greenhouse gas forcing, assessments of the impacts of changing land cover on potential crop yields at major river basins remains scanty.
Globally cropland and pastureland increased five and six fold, respectively, between 1700 and 1990. Over the same period, forest cover decreased significantly, from about 5000 million hectares to 4300 million hectares [7] . Analysis of land cover datasets indicates that pasture land is the most extensive form of land use; accounting for about 22% -26% of the earth's ice-free land surface [8] [9] .
While competition for limited land resources has been on the increase across the world, the magnitude of land cover change varies from one region to another [10] . Nonetheless, agriculture is expanding in response to increasing demands for food production, at the expense of natural vegetation and grasslands [11] . As a result, more than one-third of the global land surface is currently devoted to agricultural productivity that has now become one of the largest biomes on the planet [12] .
Croplands occupy roughly 15 million km 2 2 . Agriculture has expanded into forests, savannas, and steppes in all parts of the world to meet the ever increasing demand for food and fiber [7] . Therefore, forests and grassland have become the main targets for conversion to agricultural cultivation [13] .
Over the past 300 years, 7 -11 million km 2 of forest land has been cleared, while about two million km 2 of natural forest in temperate and tropical regions are now highly managed plantations with significantly reduced biological diversity [10] . Pressure to increase yields-per-acre has intensified agricultural activities through accelerated use of industrial fertilizers and pesticides, widespread irrigation, introduction of new crop varieties, and mechanization [10] all of which impact on the ecosystem. In addition, land degradation, desertification, biodiversity loss, habitat destruction, water pollution and invasion by alien vegetation species are all consequences of land cover changes that eventually affect human wellbeing [14] [15] .
About 40% -75% of the world's arable land's productivity is reduced due to land degradation [16] , often with serious consequences on the livelihood of rural communities [17] . Maitima et al. [18] concur that changes in land cover have serious environmental, economical and social impacts on rural livelihoods in many parts of the world; more-so in developing countries. The severity of the impact is aggravated by the high dependency on natural resources, high poverty levels and variability in climate; given that most of their livelihood activities are natural climate dependent [19] . An estimated 300 million people depend on natural forests directly and indirectly [20] and any form of degradation of this critical resource puts to risk their livelihoods. Agro-pastoral livestock farming system dependent on natural resources is practiced by many rural populations including those in the Mara River basin. For this critical mass, livestock is not only regarded as economic asset and social identity, but also represent socio-cultural and spiritual asset. Therefore diminishing pasture land triggered by land cover change may put such communities under risk of losing their herd especially during prolonged dry periods. Significant changes in land cover can also influence ground and surface water resources on which human beings, livestock and wildlife depend [21] . Water yield is altered through changes in transpiration, interception, infiltration and evaporation processes; which tend to be caused by land cover change. Although studies that relate small scale (<1 km 2 ) changes in land cover to variation in river discharge generally indicate that deforestation causes an increase in the annual mean discharge, those that evaluated the same in large-scale river basins (>100 km 2 ) did not find similar relationships [22] . This necessitated a study focused on the sub-catchments to ascertain the effect of land cover change on water resources at the local level.
With regard to human health, infectious diseases that are transmitted by vectors or those with non-human hosts or reservoirs are particularly sensitive to land cover changes [23] . Alteration of the biophysical conditions of vector habitats, changing exposure pathways, changing the pathogen's genetic material, al-teration of pathogen and vector's life cycles and alteration of species composition within a community of organisms [24] are some of the ways through which land cover change can alter exposure to infectious diseases [25] . Malaria exposure was reported to have increased with rate of deforestation in the Amazon, in South America [26] , while the biting rates of A. darlingi in deforested areas of Peruvian Amazon were 278 times higher than biting rates in forested areas [27] . A number of studies have also reported associations between deforestation and increased cases of onchocerciasis, yellow fever and cutaneous leishmaniasis in Latin America and increased malaria exposure in sub-Sahara Africa [28] [29] [30] . More detailed studies are however needed to ascertain the full impacts of land cover change on vector-borne diseases especially at the river basin sub-catchment level.
While overwhelming evidence points to a changing climate with corresponding changes in land cover across the world over, different regions are being impacted differently by virtue of their unique and varied characteristics. In the highlands of East Africa for instance, the urge to produce more has pushed farmers to intensify agricultural practices and expand their farms into previously uncultivated land all in a bid to increase their yields [31] . As a result, the area under cultivation has more than doubled over the last few decades [31] . Likewise, Kenya's landscape is continuously changing under the influence of demographic trends, climate variability, national policies, and microeconomic activities. Over the last two decades, land cover change in a number of water towers across the country has adversely affected communities' wellbeing by impacting on a number of livelihood sources.
Like many major water catchments, the Mara River Basin, has witnessed gradual changes in land cover as a result of increased anthropogenic activities coupled with a changing climate. Currently, the Mara River Basin embodies many of the current challenges in biodiversity conservation. It is predicted that if the changes continue at the current rate, then the Mara River may cease to flow completely during dry years [32] . This may cause untold suffering to the wildlife, livestock and communities living within the Mara River Basin. Expanding human settlements, commercial farming activities, tourism and other anthropogenic activities adjacent to the Maasai Mara National Reserve are already causing shortages in water resources; threatening peaceful coexistence of community members and wildlife [33] . However, despite these challenges, little is known about the impacts of land cover changes as a function of rural livelihood strategies in the Mara River sub-catchments. This study thus sought to establish the drivers of land cover change and their resultant socio-economic effects on livelihoods of community members residing within Amala, Nyangores, Sand and Talek sub-catchments of Mara River in Kenya.
Materials and Methods

Study Area Description
The Mara River Basin is a transboundary watershed that covers an area of 13,750 
Study Design
This study adopted a retrospective-empirical study design, combined with a cross-sectional survey that incorporated land cover change detection, household survey and focus group discussions. 
Land Cover Classification and Change Detection
Data Analysis
Land Cover Change
All GIS data were projected to the Universal Transverse Mercator (UTM) projection system zone 37 N and datum of World Geodetic System 84 (WGS84), ensuring consistency between data-sets during analysis. The images were analyzed by utilizing data-image-processing techniques in ERDAS Imagine© 10.0 and ArcGIS© 10.0 software. Since the identity and location of some of the land-use and land cover types such as grassland, agricultural land, natural forest areas, and eucalyptus plantations in the study area were known, based on the a priori knowledge of the researcher and with ground truthing data, a supervised signature extraction with a maximum likelihood was used in the analysis.
Change Detection and Computation
The change rates of a single land cover type were determined following Peng et al. [38] procedure as shown below:
T1: is the land use/cover dynamics degree, measuring the change rate of the target land use/cover type, Ca and Cb: are the area of the target land use/cover type at the beginning and the end of the study period respectively, and Y: is the study period, which is usually measured with the unit of year. Additional analysis was conducted using post-image comparison technique [39] . Ground truthing was complemented with topographical maps of the study area as well as several field visits, and by confirmatory interviews with individuals and elderly people in the area. The classified images were compared in three periods, that is, 1987-1997, 1997-2007 and 2007-2017 . The values are presented in terms of hectares and percentages. In addition, trend analysis of rainfall and temperature were conducted. The relationship between rainfall, land surface temperature and land use/land cover change, were also computed.
Socio-Economic Survey
Data obtained through the household survey was coded and analyzed descrip- used to analyze the qualitative data, whereby the discussions from the focus group discussions were objectively and subjectively analyzed [40] and narrated.
Text analysis of the transcriptions and the notes taken during the FGDs was conducted by NVivo 10  software (QSR International Pty. Ltd., Melbourne, Australia, 2008). Three investigators, each working independently, coded the major themes that emerged from each topic using an inductive approach. Any differences that arose were discussed among the three investigators and a consensus reached.
Results
The findings emanating from the current study are presented in the sub-sections below.
Land Cover Change over the Last 30 Years
Six key land cover categories were identified in this study. 
Household Survey Findings
Household socio-demographic characteristics were: shrubs land, crop land, forest cover, pasture land, grasslands and human settlement at 39%, 23%, 14%, 12%, 3% and 8%, respectively. Analysis of the responses for the current period (2017) showed that the proportion of the same land cover types had changed significantly to 3%, 38%, 17%, 20%, 13% and 9%, respectively (χ 2 = 99.507, df = 5, P ≤ 0.001). In addition, crop land increased by 15 percentage points, while shrub lands decreased by 36 percentage points over the 30 year period. Responses concerning water bodies however remained unchanged over the study period ( Figure 6 ).
Indicators of land cover change
Reduction in rain-fed cropland, natural vegetation and communal grazing land was identified by respondents as having contributed most to change in land cover over the 30 year period. Figure 7 depicts shifts in land cover over the 30
year period as reported by study respondents.
Observed changes in land cover over the 30 i.e. temperature and rainfall-spanning 30 years back (1987-2017) and it showed a significant decreasing trend in precipitation and increasing temperature trend over the study duration across all the four sub-catchments.
Respondents in all four sub-catchments felt that grassland, shrub land, tree cover and water sources had diminished significantly due to temperature (χ 2 = 8.551, P = 0.0359, χ 2 = 14.669, P = 0.002122, χ 2 = 31.299, P < 0.001 and χ 2 = 8.8681, P = 0.0311, respectively). However, there was no significant difference between those who thought that overgrazing and drying of crops were as a result of temperature change (P ≥ 0.05). In addition, those who reported noticing changes in temperature patterns singled out diminishing grasslands, diminishing With a chi-square test statistic (χ² = 408.753) being P = 00034 and therefore less than the alpha level of significance of 0.05, the z-score of those who reported diminishing tree cover, shrub land and grass lands were (3.5), (2.8) and (2.6), respectively, which was higher than the critical value (1.96). This supported the observation by the surveyed households who noticed changes in rainfall and its effects on land cover (Table 6 ). From the results, fewer survey households than expected (standardized residual = −3.4) stated that deforestation affected temperature change and increased river flow. However, a good proportion of them indicated that increase in observed temperature affected rivers mainly due to changes in weather pattern (1.9) and deforestation (1.2). This therefore supports the argument that deforestation actually affected river flow ( Table 7 ). Responses on impact of changes in rainfall patterns on water resources are shown in Table 8 . year.
Implication of changes in rainfall on land cover
Responses on the effect of land cover change on livestock production varied among respondents. Whilst 43.9% believed that changes in land cover affected livestock in their region, 19.6% thought otherwise, while 0.2% did not know and 4.1% did not respond to the question. Another 32.8% felt that the question was not applicable to them. Nevertheless, there was a general consensus that decreased levels of rainfall and prolonged droughts in recent times had impacted on livestock production. Respondents mentioned diminishing grasslands (29.7%), diminishing pasture (20.3%), diminishing shrub land (14.8%), diminishing tree cover (17%), diminishing water resources (11.7%) among others as some of the effects of livestock production and climatic factors on land cover (Table  9 ).
About 92% of the respondents reported noticing nomadic movements in the region due to shortage of pasture and water. More than half (53%) the respondents however felt that these nomadic movements had severely degraded pastures, while lack of pasture land and 22% unfavorable climate as the reasons for not keeping livestock ( Figure 8 ).
A large proportion (95.5%) of households believed that changes in land cover affected livestock production. The most commonly cited indicators of change in livestock production were; reduced production (34%), increased prevalence of livestock diseases (28.7%), livestock deaths (18.7%), livestock wasting away (12%) and others (6.7%). Additional factors attributed to changes in livestock production besides changes in land cover were: lack of water (26.6%), prolonged drought (33.5%), increase in diseases (33.3%) and frequent flooding (4.5%).
Most households (90.7%) believe that animal production had considerable effect on land cover change. Over half (54%) the respondents reported having been affected negatively, while 21% were affected positively ( Figure 9 ).
Up to 89.5% of the respondents believed that animal production had a considerable negative effect on rivers in the region. Water pollution through river bank erosion was the most commonly cited effect of animal production on rivers, followed by increased sediment load and reduced amount of water in that order ( Figure 10 ).
Impact of climate and land cover change on crop production
Vegetables, cereals, legumes, tubers, fruits and cash crops were some of the crops grown within the study area. Of these, vegetables were the most commonly stated type of crop accounting for 37.8% of the responses followed by cereals and legumes each at 18.7% and 15.1%, respectively (Table 10 ).
Low and declining rainfall, land and soil degradation, over grazing, cultivation without rest periods and poor traditional land tenure systems, were cited as major constraints to crop production in the studied sub-catchments. Most (Figure 12 ).
Diminishing crop yield had a direct effect on 62.9% of the respondents across the four sub-catchments. However, for those households that were not affected, 61 .7% reported buying food always, whereas 29.9% had alternative sources of food. Figure 10 . Effects of livestock production on rivers. 
Impact of climatic factors and land cover change on water resources
Reduction in the availability of water was apparent in all the sub-catchments going by the responses received. Obtaining clean water for drinking from nearby streams and rivers was cited as among the biggest challenge facing water resources accessibility. According to respondents, the main cause of water reduction was lack of rainfall as a result of the cutting down of trees. Almost all (96.4%) respondents associated decrease in river flow to increase in temperature.
High temperatures were responsible for decrease in river flow (36.4%), drying up of water pans and drying up of rivers and their tributaries (χ 2 = 40.685, df = 3, P ≤ 0.001) ( Table 11 ).
Change in rainfall patterns was reported to affect water resources by 98.1% of the respondents. Of these, 38.8% cited decreased water quantity, 33.3% reported increased pollution into rivers, while the rest mentioned increase in respiratory diseases. A large proportion of household respondents (78.1%) cited declining rainfall (32.3%) as the major contributor to water shortages whilst 43% attributed water shortage to disappearance of forest cover. Over 68.2% of respondents mentioned animal deaths as major consequences to decreasing rainfall.
Socio-economic implications of climatic and land cover change
Results showed that 97.4% of the respondents believed that changes in rainfall 
Human-wildlife conflicts resulting from land cover change
Results showed that 87% of the households had experienced some form of human-wildlife conflict over the study duration. Of the households who reported to have experienced some form of human wildlife conflict, death or injury by Figure 13 ).
Only 19.9% of respondents reported practicing wildlife co-management, compared to 70.8% who did not and 9.3% who did not respond to the question.
With regard to effect of land cover change on wildlife, only 36.6% of the respondents responded, out of whom 12.9% reported that low wildlife population leads to reduction in tourism in the region, 10.5% reported reduced income from tourist activities while 10% reported reduced crop yields resulting from wildlife destruction of crop farms.
Effect of land cover change on household income
Monthly household income was dependent on the effects of changes in rainfall and temperature patterns on household's wellbeing (χ² = 35.531, P = 0.039).
The results were also supported by the fact that fewer households that reported decrease of diseases earned between KES 10,000 and 30,000, with a z-score of −2.2 which was smaller than the critical value (−1.96) ( Table 13 ).
Focus Group Discussion Findings
Knowledge of the impact of climate on land cover Most FGD participants were aware of climate change and its impacts on the land cover having reported observing changes in climate in recent times. Participants noted that long ago, rainfall patterns were predictable, which is not the case currently. They lamented that this unpredictability has affected vegetation cover, crop and animal production which according to them had become more severe than in the past. Some of the changes mentioned included drying up of trees and other vegetation, increase in crop diseases and pests, increase in malaria cases which was not the case previously and "colored rainfall" attributed to increased pollutants in the atmosphere. The FGD participants also reported noticing a reduction in crop productivity; particularly maize and beans in their farms. Land cover change in the region was mainly attributed to deforestation of indigenous forests. Participants observed that wild fruits and most indigenous fruits that were abundant in the past had also disappeared due to climate change, with only man made forests dotting the region. Some of their views are captured in the following excerpts:
"There has been an increase in temperature with some months being extremely hot. We experience long cold months which initially happened only around July and these changes have resulted in alteration of the planting seasons" (FGD discussant-Nyangores sub-catchment).
"Maize planting used to take place in February so as to benefit from the heavy rains, while harvesting would occur in May. This pattern has now changed because the seasons have become increasingly erratic and unpredictable. The month of June used to be a celebration month for farmers and livestock keepers because of fattening of livestock due to sufficient rains but this is not the case anymore. The changes in climate started becoming evident around 30 years ago in this region." (FGD discussant-Amala sub-catchment).
Additional causes of land cover change as cited by the participants included soil erosion, which was attributed to increased construction of local roads. Soil fertility loss also came up strongly among the FGD discussants especially from Amala and Nyangores sub-catchments who felt that soil fertility had reduced considerably forcing them to use fertilizers and manure unlike in the past. The excerpts below capture some of their views:
"The use of fertilizer started about 15 years ago, prior to that, we just used to plant crops without any fertilizer or manure. Potatoes which used to grow well in this region do not grow anymore. Nowadays, farmers cannot plan because of the increased unpredictability of the weather patterns. Farming has now become like betting due to increased unpredictability of the rainy season" (FGD discussant-Amala sub-catchment).
"Vegetation has reduced significantly and as a result, livestock grazing has been extended into wild animal habitats. We have seen majority of people here encroaching into forests and bushes cutting them down and turning forests into human settlements, and this has increased erosion. Some tree species have become extinct-e.g. cedar, among others" (FGD discussant-Nyangores sub-catchment).
With regard to water resources, respondents reported that the main cause of water pollution was increased human activities such as bathing, washing, cleaning, and swimming along the river. Participants observed that rainfall patterns had changed significantly due to climate change. They reported that rainfall used to be uniform and predictable in the past, but had become increasingly unpredictable with the rainy season appearing to have been reduced to short rains only. In all the discussions, climate change was frequently mentioned, but its linkage with human activities was not well comprehended by the discussants. Only one lady appeared knowledgeable of the link between human activities and climate change, citing activities like burning of forests, burning of waste, deforestation, and emission of gases from green houses as contributing to climate change. On the contrary, some discussants were of the opinion that climate change was a result of supernatural forces, while one male discussant mentioned "God's punishment" as one of the causes.
Most participants did state clearly the real causes of climate change and were able to link the observed land cover change to various proximate factors. For instance, change in land cover was described as bare land due to drought, or drying of shrubs and trees due to prolonged dry season. The predominantly maize cultivators expressed concerns in particular about declining soil fertility, and also attacks by pests, plant diseases and parasitic weeds. The pastoralists expressed concerns on the impacts of land cover degradation to the quality of pasture and the value of livestock and their products, as exemplified in the following excerpt:
"In the past, two cows could provide a bucket of milk, but now, even 10 cows cannot fill a cup with milk, and yet, they [cows] eat grass in sufficient quantity" All focus group discussants were in agreement that rains have decreased in recent times. In addition, they noted that rainfall has become irregular while there have been changes in the onset of the rainy and dry seasons, the duration of these seasons, and the occurrence of intermittent dry spells. When the causes of the perceived changes in rainfall patterns were discussed, the causes were not directly attributed to a changing climate; although it was attributed to other climatic parameters, such as wind in some focus groups, and more typically, either in passing or explicitly, to divine intervention as exemplified in the following excerpts:
"Nowadays we leave it to God. You do what you can, without knowing what you will collect. It is God who decides" (Female discussant-Talek sub-catchment).
"With the hot weather of this year, minds are open to believe that the season will be good. But, only God knows" (Male discussant-Amala sub-catchment). [41] and in the transboundary Gandaki River Basin of Central Himalayas by Rai et al. [42] . Both studies suggested that land use and land cover changes were largely driven by pressure for increased food production, human settlements, infrastructure development, and tourism activities among other anthropogenic activities coupled with the effect of a rapidly changing climate.
Discussion
In the current study, respondents drawn from all the four sub-catchments (Talek, Sand River, Amala and Nyangores) confirmed that land cover had indeed changed and the change was likely triggered by a number of factors, among them climatic, human and biophysical forces. In the current study, human settlement patterns, policy shifts, household size, wild animal abundance and climate change were identified as key drivers of land cover change in the four sub-catchments. Indirect factors like population growth and density were also critical drivers of land cover change through the ever-growing need for more food production that can only be gotten from farming and livestock keeping activities.
Further analysis of the current study findings revealed that average tempera- areas, the higher the average temperature. Just as was reported in the household survey that rainfall patterns had changed, analysis of climate and land cover data showed a negative correlation between average rainfall and bare land as well as built up areas. This has implication by proxy, indicating that as more forested areas area cleared, its impact is felt in the change of climate. These findings are consistent with those reported by Matata et al. [43] in semi-arid areas of Tanzania, Gwate et al. [44] , Palmer et al. [45] , Lei et al. [46] and Forkel et al. [47] in other parts of the globe.
Although the drivers of land cover change are numerous and could include human influences, biophysical drivers and natural processes, the most commonly mentioned by the respondents in the current study was the human influence. Common livelihood activities such as subsistence rain-fed farming, livestock keeping and pastoralism practiced by communities residing within the study area were singled out as key drivers of land cover change in the Mara River Basin of Kenya. Pressure to produce more food for the ever-rising population has seen expansion of crop lands into areas previously forested and those covered with grass lands especially within Amala and Nyangores sub-catchments, thus contributing to the largest percentage in land cover in the two sub-catchments over the 30 year study period.
The change detection analysis based on remotely sensed data showed that large acres of grassland, forest cover and shrubland got diminished at the expense of crop land and built-up areas between 1987 and 2017. While forest cover dominated large tracts of land within Amala and Nyangores sub-catchments in 1987, they had reduced significantly over the 30 year period having been replaced by crop lands and to some extent built-up areas. Encroachment of forests played a key role in the increased crop lands witnessed at the expense of forest cover in the two sub-catchments. Consistent with the current study findings, Badege [48] also concluded that expansion of mixed farming practices in the highlands of Ethiopia was among the driving force for vegetation cover loss and land degradation.
For the Talek and Sand River sub-catchments where pastoralism was the predominant household livelihood economic activity and a way of life for many households, livestock keeping was reported to be the main driver of land cover change. The fact that communities in Talek and Sand River take pride in the sizes of herds that they keep at the household level, has pushed the livestock population beyond the land's carrying capacity. The diminishing grasslands and drying up of water pans in the region are key pointers to livestock overstocking in Talek and Sand River sub-catchments.
Reid et al. [49] also reported that climate change, range land fragmentation and rangeland degradation, coupled with settlement schemes often interfere with pasture land creating resources and mobility constraints for pastoralists who are increasingly dependent on livestock mobility. As a result, shortage of water and pasture are becoming more common these days triggering farmer-herder conflicts in some areas and human-wildlife conflicts in other areas [50] [51] .
Demand for trees and their products (fuel and construction wood) also encourage forest clearing which leaves soils bare exposing them to erosion. In the current study, it was also reported that deforestation and increased land fragmentation in the basin increased soil erosion affecting land cover as well as the volume of surface runoff and sediment transport into aquatic ecosystems. This consequently affects the level of water quality in the nearby rivers and their tributaries. Consistent with the current findings, Lambin et al. [7] and Geist et al. [52] concluded that land cover conversions due to demographic pressure are more serious particularly to aquatic ecosystems in tropical regions.
The land cover conditions of the Mara River sub-catchments have also been modified or significantly transformed by the rapidly increasing population pressure. Human population in the basins continues to grow at the expense of limited land resources forcing the inhabitants to encroach on surrounding forests in a bid to produce more food. Focus Group Discussion (FGD) also asserted that land holding per capita had declined due to the increasing population. This situation has created pressure on limited land for agricultural production. Consistent with the current study findings, the demand for land for agricultural activities and biomass as a source of fuel and construction materials to meet the rising demands for the ever increasing population has also been reported in many other regions across the world by Badege [48] , Woldeamlak [53] , and Hurni et al. [54] . This is clear evidence in favor of the Malthusian and Neo-Malthusian theoretical premise and the stand of political ecologist school of thought regarding population dynamics, land system change and resource degradation [52] [55] [56] [57] .
Significant changes in land cover can modify regional climate and influence rainfall and temperature trends. In the current study, respondents especially those from Amala and Nyangores sub-catchments reported irregular and unpredictable rain fall patterns with shorter rainy seasons that start late and end early in recent times unlike was the case 30 years ago. Temperatures were also said to have increased considerably, affecting farming and livestock keeping activities through reduced pasture lands and drying up of water sources. Majority of the respondents in the current study claimed that changes in climatic factors had negatively affected the productivity of their farm lands, implying that agricultural output on the basin had significantly declined. True to their observation, the GLM results showed that over time, rainfall had a positive effect on all crops grown, while temperature had a negative effect on crops and other vegetation.
The negative coefficient suggested that excess temperature was detrimental to land cover and to a larger extent, household income. Studies have shown that changes in climate affect animal production and human health directly through the principal weather factors: temperature, rainfall, humidity, solar radiation and airflow and indirectly through alteration of their nutritional environment and F. M. Mngube et al. changes in the epidemiology and dynamics of human [58] and livestock disease pathogens, pests and vectors [59] [60] .
From the foregoing, it is clear that long-term effects of climate change (in relation to temperature and rainfall) on crop production are larger than short-term effects, an indication that farmers need to adapt effectively to reduce long term effects of climate variability. The findings also showed that the coefficients associated with temperature were much larger than those for rainfall, thus temperature seemed to have a greater impact on crop production compared to rainfall.
This implies that temperature is likely to be a significant factor for crop yields in the Kenyan Mara River sub-catchments in the future. The current study findings thus suggest that climate has a non-linear relationship with crops, which is consistent with the findings of Fezzi and Bateman [61] . Scientifically, warming is thought to alter heat exchange between animal and environment, and also affect feed intake, mortality, growth and reproduction [62] . In addition, distance to watering points was reported to increase with each drought event, hence increasing the distance that humans and livestock are forced to trek and in the process affecting their health and production. Livestock deaths during extreme droughts can reduce livestock numbers considerably and subsequently the household income. To avoid this, pastoralist communities often move from one area to another in search of pasture and water. Such nomadic movements were also evident in Talek and Sand River Sub-catchments in the current study. Nevertheless, competition for pasture and water with wildlife from the adjacent Maasai Mara National Reserve is increasingly becoming a source of human-wildlife conflicts.
While a large majority of respondents had noticed some changes in rainfall and temperature most respondents seemed unaware of the causes of climate change but alluded to reasons like drought, increase in sunshine, land degradation and people abandoning their culture hence being punished by God. This is Restoration of a section of the Nyangores sub-catchment following the Kenya government's restoration programme led to the re-establishment of forest cover in an area whose forest cover had almost been wiped out [63] . This is a classical proof that with the right policies and good will, restoration of destroyed forests is indeed possible.
